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Abstracts: This paper belongs to a more complex study one  that  aims the correlation of the 
myrosinase enzymatic activity from Armoracia rusticana, determined by two modern techniques (UV-VIS 
spectrometry and Reverse Phase –High Performance Liquid Chromatography , RP-HPLC).   
      The  myrosinase activity from horseradish (unrubbed and rubbed out) under different conditions of: 
temperature (25°C ÷ 75°C), pH (7) and reaction time (30 ÷ 390 minutes) was measured by: spectrophotometrical 
analysis of the glucose concentration yielded upon sinigrin glucosinolate hydrolysis, and by determination of the 
sinigrin concentration in extract and consumed upon enzymatic reaction by RP-HPLC technique.  
 
INTRODUCTION 
 
The GLS content is higher in black mustard seeds and horseradish roots (over 10% by 
dry weight), than in the other constituent parts of the Cruciferae. The glucosinolate known as 
sinigrin (thio-β-glucopyranosyl-1-N-sulphate-2-propenylimidate) are in significant content in 
horseradish (Armoracia rusticana) roots (Plamieri, 1999; Zi-Tao et. al., 2006).  
Myrosinase, or thioglucoside glucohydrolase EC 3.2.3.1., is the trivial name for the 
enzyme (or group of enzyme) responsible for the hydrolysis of glucosinalates (Oerlemans et. 
al., 2006).  Myrosinase activity results in the release of the glucose moiety to leave an 
unstable intermediate, which spontaneously rearranges to produce several products. Which 
product is formed depends on several factors, such as pH, substrate or availability of ferrous 
ions (Wathelet et. al., 2001).  
 
MATERIAL  AND METHODS 
  
In order to punctually  appreciate the myrosinase activity in the sinigrin enzymatic 
hydrolysis, a series of kinetics and thermodynamics studies (previously presented studies) 
were performed. Based on these studies, the optimum parameters corresponding to 
myrosinase maximum activity in the aqueous extracts of rubbed out and unrubbed horseradish 
were established, that is: pH 7, 55°C temperature and  210 minutes reaction time for the 
rubbed out horseradish samples and 240 minutes for unrubbed horseradish samples, 
respectively. 
The myrosinase activity  appreciation was done through the measurement of growth or 
decrease of sinigrin concentrations using HPLC technique. HPLC-conditions: system HPLC: 
system 1100 (Hewlett Packard with DAD), column: ZORBAX XDB C18 150 x 2.1 mm; 
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20µl, flow: 0.55 ml/min, gradient: A (H2O) / B (CH3CN) (99:1), analytic time: 3.5 min, 
column temperature: 35°C, wave length: 229 nm, internal standard: sinigrin; determination as 
desulfoglucosinolate (Helboe, 1980; Jen et. al., 2001; Mucete et. al., 2006). 
Spectrophotometrically, the myrosinase activity under the previously mentioned 
conditions, was indirectly determined by measuring the concentration  increase of the glucose 
yielded by the sinigrin hydrolysis. Thus, in order to determine the glucose content, 10 µL were 
treated with 1000 µL Fluitest GLU reagent. The glucose concentration in the standard sample 
was 100mg/dL. Afterwards, the samples were stored at room temperature for an hour, and 
then the absorbance of the solution was read three times , each one with three readings at the 
546 nm wavelength towards blank. Tests showed that more than 80% of the colour  intensity 
formed in the first 30 minutes, and the colour finalization  was completed after 50 minutes, 
that is the reason why the standard period for colour stabilization was chosen to be one hour 
(Al-Turky et. al., 2003; Mucete et. al., 2006). 
 
RESULTS   AND DISCUSIONS 
 
The analysis techniques belonging to UV-VIS spectrophotometry and RP-HPLC, 
respectively, applied for the determination of the sinigrin content  from different plants , seem 
to have at present, the highest weight to capillary electrophoresis detriment. 
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Fig. 1.  Correlation between  enzymatic activity of  myrosinase   from horseradish 
extracts, obtained by  RP-HPLC and UV-VIS spectrophotometry (25°C; 35°C; 45°C; 55°C) 
Table 1. Comparative values of the  enzymatic activity of  myrosinase obtained by  RP-HPLC  and UV-VIS 
spectrophotometry (HR) 
Vegetable 
material 
No. sample Incubation time 
(min) 
Temperature 
(°C)/pH 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (RP-HPLC) 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (UV-VIS) 
P1 30 12,8045 ± 0,0969 3,2275 ± 1,8073 
P2 60 13,3540 ± 0,2994 13,6688 ± 0,7493 
P3 90 13,9697 ± 0,3306 14,4412 ± 0,5233 
P4 120 15,7824 ± 0,1923 16,0962 ± 0,8275 
P5 150 19,3933 ± 0,1380 19,8477 ± 1,4687 
P6 180 22,4628 ± 0,1923 22,8820 ± 1,6620 
P7 210 25,3468 ± 0,4373 25,4198 ± 0,8874 
P8 240 24,4099 ± 0,0953 24,7577 ± 1,4780 
P9 270 22,4726 ± 0,0968 22,6613 ± 1,4261 
P10 300 20,6615 ± 0,0381 21,2269 ± 1,3547 
P11 330 20,9953 ±0,0382 21,4476 ±0,3310 
P12 360 20,4322 ± 0,0950 20,5090 ± 1,1906 
P13 390 
 
 
 
 
 
 
25°C/7.00 
19,1134 ± 0,0960 19,5829 ± 0,9880 
P1 30 23,7380 ± 0,0955 24,0453 ± 1,0276 
P2 60 29,3749 ±0,1910 29,4037 ±0,7693 
P3 90 33,7968 ± 0,0016 33,8326 ± 0,6405 
P4 120 39,0896 ± 0,0184 38,9723 ± 1,0374 
P5 150 41,9121 ± 1,6764 42,7997 ± 0,6026 
P6 180 49,7187 ± 0,0501 46,6891 ± 0,9841 
P7 210 60,8076 ± 0,0187 60,6793 ± 0,7780 
P8 240 68,2147 ± 0,0945 68,2795 ± 1,5518 
P9 270 65,6715 ± 0,0490 65,4364 ± 1,0725  
P10 300 58,8106 ± 0,0013 58,8203 ± 1,1826 
P11 330 50,3854 ± 0,0554 49,7985 ± 1,6464 
P12 360 49,6329 ± 0,0978 48,0251 ± 1,0144 
 
 
 
 
 
 
 
 
 
 
 
 
Rubbed out 
horseradish 
water 
extracts 
(HR) 
P13 390 
 
 
 
 
 
 
35°C/7.00 
49,2568 ± 0,0964 47,2330 ± 1,4966 
 
Table 2. Comparative values of the  enzymatic activity of  myrosinase obtained by  RP-HPLC  and UV-VIS 
spectrophotometry (HN) 
Vegetable 
material 
No. sample Incubation time 
(min) 
Temperature 
(°C)/pH 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (RP-HPLC) 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (UV-VIS) 
P1 30 8,5588 ± 0,2362 7,6002 ± 0,4965 
P2 60 9,3838 ± 0,4465 8,7036 ± 0,7036 
P3 90 9,8722 ± 0,0242 9,2553 ± 0,7850 
P4 120 11,0339 ± 0,1786 11,1310 ± 0,8275 
P5 150 13,7537 ± 0,2904 14,3308 ± 1,3471 
P6 180 16,7815 ± 0,0990 17,5306 ± 0,6081 
P7 210 19,8294 ± 0,2727 20,4546 ± 0,8874 
P8 240 19,1033 ± 0,2336 19,7926 ± 1,4780 
P9 270 17,1670 ± 0,3118 17,6961 ± 1,4261 
P10 300 16,3827 ± 0,0983 16,4824 ± 0,3310 
P11 330 16,1865 ± 0,0966 16,2617 ± 1,3547  
P12 360 15,5514 ± 0,0841 15,5446 ± 1,1906 
P13 390 
 
 
 
 
 
 
45°C/7.00 
15,3042 ± 0,4482 15,1694 ± 1,6767 
P1 30 13,1537 ± 0,1565 13,6565 ± 0,9773 
P2 60 19,1264 ±0,1640 19,2336 ±0,8679 
P3 90 23,4405 ± 0,3280 23,0598 ± 0,6405 
P4 120 28,4110 ± 0,1640 28,1606 ± 0,6959 
P5 150 38,1575 ± 0,1032 38,5234 ± 0,6246 
P6 180 45,4537 ± 0,0991 44,4546 ± 0,9841 
P7 210 57,8472 ± 0,0923 56,7485 ± 0,6026 
P8 240 62,4487 ± 0,0984 62,4666 ± 0,7007 
P9 270 60,8914 ± 0,1673 60,7887 ± 1,1034 
P10 300 54,1198 ± 0,2571 52,8993 ± 1,1828 
P11 330 46,1226 ± 0,4210 45,9710 ± 1,1902 
P12 360 44,7906 ± 0,0979 44,4400 ± 1,3250 
 
 
 
 
 
 
 
 
 
 
 
Unrubbed 
horseradish 
water 
extracts 
(HN) 
P13 390 
 
 
 
 
 
55°C/7.00 
41,3937 ± 0,4390 42,7450 ± 1,7125 
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Table 3. Comparative values of  the enzymatic activity of  myrosinase obtained by  RP-HPLC  and UV-VIS 
spectrophotometry (HR) 
Vegetable 
material 
No. sample Incubation time 
(min) 
Temperature 
(°C)/pH 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (RP-HPLC) 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (UV-VIS) 
P1 30 46,5556  ± 0,0013 44,7785±1,2399  
P2 60 50,1549 ± 0,0970 49,9131 ± 0,5557 
P3 90 54,7581 ± 0,0889 53,6275 ± 1,5437 
P4 120 60,0031 ± 0,0008  59,4176 ± 2,0921  
P5 150 70,0405 ± 0,0981 67,8843 ± 0,6240 
P6 180 77,7585 ± 0,0185 77,0611 ± 3,4568 
P7 210 84,2871 ± 0,6390 84,0529 ± 1,2042 
P8 240 89,1824 ± 0,1150 88,5867 ± 1,7342 
P9 270 81,8429 ± 0,0984 81,2125 ± 0,7282 
P10 300 78,7515 ± 0,0500 78,1536± 0,6021 
P11 330 77,7858 ±0,1077 77,3888 ±0,8193 
P12 360 75,6852 ± 0,2717 75,4294 ± 0,7816 
P13 390 
 
 
 
 
 
 
25°C/7.00 
74,9902 ± 0,0969 74,2753 ± 0,9967 
P1 30 45,7770 ± 0,1003 45,8604 ± 1,2125 
P2 60 50,2875 ± 0,0324 50,0408 ± 1,1462 
P3 90 54,8316 ± 0,0681 53,6960 ± 1,3879 
P4 120 64,1365 ± 0,0880 64,0668 ± 1,5280 
P5 150 74,4829 ± 0,0015 74,4626 ± 0,7049 
P6 180 83,8896 ± 0,0954 83,9783 ± 1,1069 
P7 210 91,8667 ± 0,0390 92,1189 ± 0,6283 
P8 240 82,2507 ± 0,1026 82,3832 ± 0,7049 
P9 270 76,8735 ± 0,0062  76,7728 ± 0,5218  
P10 300 70,3911 ± 0,1655 70,3373 ± 0,9075 
P11 330 69,7116 ± 0,1355 69,7322 ± 1,0630 
P12 360 68,0420 ± 0,0411 68,1371 ± 0,7725 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rubbed out 
horseradish 
water 
extracts 
(HR) 
P13 390 
 
 
 
 
 
 
35°C/7.00 
67,8449 ± 0,4189 67,1470 ± 1,3357 
 
Table 4. Comparative values of the enzymatic activity of  myrosinase obtained by  RP-HPLC  and UV-VIS 
spectrophotometry (HN) 
Vegetal 
material 
No. 
sample 
Incubation time 
(min) 
Temperature 
(°C)/pH 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (RP-HPLC) 
Enzymatic activity 
(µg glucose/g sample x min) 
M± SD (UV-VIS) 
P1 30 36,5950 ± 0,0611 37,0766±0,6076 
P2 60 38,8834 ± 0,0248 39,4800± 1,1788 
P3 90    42,0944 ± 0,0406 41,6860 ± 1,6139 
P4 120 45,3209 ± 0,1366 45,1484 ± 1,4072 
P5 150 53,5640 ± 0,0903 53,4090 ± 0,8152 
P6 180 59,9832 ± 0,0517 59,9639 ± 1,1264 
P7 210 71,7978  ± 0,1611 73,1071 ± 0,3843 
P8 240 72,2360 ± 0,1651 73,3467 ± 1,0068 
P9 270 67,4164 ± 0,3341 66,7961 ± 0,5908 
P10 300 64,0245 ± 0,0393 63,1699 ± 0,6021 
P11 330 62,9291 ±0,1668 62,2983 ±0,8193 
P12 360 61,8141 ± 0,3447 61,9385 ± 0,6021 
P13 390 
 
 
 
 
 
 
 
45°C/7.00 
61,1124 ± 0,0013 60,6946 ± 0,7943 
P1 30 40,5963 ± 0,1846 40,9101 ± 1,2121 
P2 60 45,3639 ± 0,1636 45,0904 ± 1,1463 
P3 90 47,5616 ± 0,2484 47,8956 ± 1,4596 
P4 120 52,8106 ± 0,0084 52,9010 ± 1,1984 
P5 150 68,6934 ± 0,0048 68,3021 ± 1,5457 
P6 180 78,7074 ± 0,0319 78,6429 ± 0,8373 
P7 210 84,0125 ± 0,0252 84,1433 ± 1,2621 
P8 240 82,0964 ± 0,0008 82,1578 ± 0,7049 
P9 270 77,3474 ± 0,0381 76,4924 ± 0,5218 
P10 300 70,2356 ± 0,0532 70,5122 ± 0,9075 
P11 330 69,7172 ± 0,0324 69,8919 ± 1,0630 
P12 360 68,5165 ± 0,0481 68,2616 ± 0,7425 
 
 
 
 
 
 
 
 
 
 
 
Unrubbed 
horseradish 
water extracts 
(HN) 
P13 390 
 
 
 
 
 
55°C/7.00 
68,0486 ± 0,0174 67,9866 ± 1,2485 
 
The analysis techniques belonging to UV-VIS spectrophotometry and RP-HPLC, 
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respectively, applied for the determination of the sinigrin content  from different plants, seem 
to have at present, the highest weight to capillary electrophoresis detriment. This is dued to 60 
minutes  time period that sinigrin and glucosinolates, respectively,  need to migrate in electric 
field.   
Regarding the study of the myrosinase enzyme activity, most of the specialty  debates  
use as an analysis method the UV-VIS spectrophotometry, the studied parameter being the 
glucose amount yielded upon enzymatic hydrolysis (Al-Turky et. al., 2003), or the decrease of 
the absorbance  corresponding to the maximum wavelength specific to sinigrin (Mucete et. al., 
2006). Both variants exhibit disadvantages, thus in the first case the glucose content 
determination is based on measuring the absorbance of the coloured complex yielded upon 
reaction between glucose and o-toluidine, or by measuring the  absorbance of the coloured 
complex yielded upon reaction between hydrogen peroxide (product resulted upon  enzymatic 
reaction of glucose oxidation  to gluconic acid) and o-dyanisidine; in the second case, the 
main disadvantage is that  interferences turn up from the other compounds present in the 
analyzed samples, compounds that absorb too, the wavelength at which the sinigrin absorbs.  
The spectrophotometric technique also needs,  previously laborious  preparing steps of 
the analyzed samples (filtrations, centrifugations, purifications) in order to obtain reproducible 
experimental data (Wathelet et. al., 2001; Zi-Tao et. al., 2006). 
Although, at first sight, it seems a more expensive technique from the point of view of 
the apparatus used, the high performance liquid chromatography (HPLC) may be used for 
enzymatic reactions study, one of the advantages being that by choosing some work 
conditions (the column type, the mobile phase, the eluation mode) not only the time, but the 
operations afferent to preparing samples step , are shortened (Wathelet et. al., 2001). 
From the experimental data showed in tables 1 ÷ 4, it may be concluded that the 
myrosinase activity  indirectly calculated based on the peaks areas representing the amounts 
of the remained sinigrin and consumed upon reaction, respectively, is dependent of the 
reaction temperature and  of the incubation time, that is, as the reaction time increases, the 
enzymatic activity increases too, this relation of  direct proportionality being maintained over 
the  whole studied time interval. Also, as the incubation time increases, the amount of the 
sinigrin consumed in the reaction raised, reaching a maximum, afterwards starting to decrease 
until reaching the equilibrium, it’s values maintaining constant, starting with 270 minutes in 
the case of the horseradish. To be  noticed that, in case of higher than 55°C  temperatures, the 
increase of the enzymatic activity was lower, the hydrolysis process reaching the equilibrium 
even at an incubation time lower than 270 minutes. Consequently, the obtained data for 65°C 
and  75°C temperatures, have not been shown in this paper anymore. 
           The observation that come from the analysis of the primary data (tables 1 ÷ 4) dovetail 
with the remarks made in the case of the obtained data by UV-VIS  spectrophotometric  
analysis. This is confirmed by the presented graphs in figure 1 a), b), c), d), too. By graphical 
representation of the function: enzymatic activity determined by RP-HPLC analysis function 
of enzymatic activity determined by spectrophotometric analysis at different incubation times 
and reaction temperatures, respectively, every time right lines with positive  slope were 
obtained. The correlation coefficients ranged  between 0.9850 ÷ 0.9987. 
Based on the regression analysis, it was ascertained that there is a right correlation 
between the values obtained with the two methods, especially in the case of the data obtained 
at  55°C temperature, which is considered optimum for the hydrolysis reaction of the sinigrin   
catalyzed by the myrosinase enzyme. 
            As it may be seen, the enzymatic activity of the myrosinase was expressed in this case 
too, starting from the amount of the glucose generated in the system (1AE = µg Glucose/g x 
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min), as the international settlements in the domain require. Regarding the primary data 
obtained by chromatographic analysis refer to the remained sinigrin amount which did not 
react in the aqueous extract (see tables 1 ÷ 4), the conversion from the consumed sinigrin 
amount into the reaction , to the glucose amount produced by hydrolysis , was made starting 
from the stoequiometric premise according to 1µmole sinigrin yields, upon enzymatic 
reaction, 1µmole  glucose in one minute time. But the reality is that, the experimental 
researches from the domain suggest that, in general,  1µmole sinigrin  yields, by enzymatic 
hydrolysis, 0.5 ÷ 0.75µmoles glucose, depending of the conditions under which the enzymatic 
process takes place (Thies, 1988; Al-Turki et. al., 2003; Zi-Tao et. al., 2006). 
 
CONCLUSIONS 
 
The myrosinase activity determination by high performance liquid chromatography 
technique, in comparison with the use of UV-VIS spectrophotometric technique, showed that 
there is a positive correlation  between the obtained values with the two methods and the 
obtained correlation coefficients were higher than 0,98, respectively. In comparison with UV-
VIS spectrophotometric technique, the use of the RP-HPLC technique allowed the shortening 
of the time needed for the sample preparing, repeated extractions, washing, vacuum 
concentration, etc. 
The observation that come from the analysis of the primary data obtained with RP-
HPLC technique are consistent with the remarks made in the case of the obtained data with 
UV-VIS spectrophotometric analysis. By graphical representation of the function: enzymatic 
activity determined by RP-HPLC analysis function of enzymatic activity determined by 
spectrophotometric analysis at different incubation times and reaction temperatures, 
respectively, every time right lines with positive slope were obtained. The correlation 
coefficients ranged  between 0,9850 ÷ 0,9987. 
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